Introduction
The inappropriate use of antibiotics drives antimicrobial resistance, results in higher healthcare costs and may harm individual patients. 1 Antimicrobial stewardship efforts so far have mainly focused on education, prescribing guidelines and restricting use of certain antimicrobials.
1,2 However, laboratory reporting itself can be optimized to promote responsible antimicrobial use. The way in which laboratory results are reported has been shown to influence the choice of antibiotic selected or the decision to commence antimicrobials. [3] [4] [5] [6] [7] [8] It is not yet clear from the existing literature if changing antimicrobial reporting practices can reduce inappropriate prescribing of antimicrobials when they are not indicated in the first place. This study examined whether the laboratory reporting antimicrobial susceptibilities influenced junior doctors' decision to use or not to use antibiotics in a controlled survey.
Methods
The case vignette scenarios were developed by three infectious diseases physicians (the authors), two of whom are also clinical microbiologists. All agreed antibiotics were not indicated as part of the treatment. The study was conducted at two Australian teaching hospitals in a metropolitan setting. Junior doctors attending education sessions (compulsory for interns and non-compulsory for the other junior doctors) were given printed surveys. Surveys were given out in six different education sessions: three intern sessions, two for trainees in general medicine and one for intensive care trainees. The doctors randomly picked up one of two surveys: survey 1, which included questions 1A, 2B, 3A and 4B; or survey 2, which included questions 1B, 2A, 3B and 4A. In the scenarios labelled 'A', the laboratory report did not report antibiotic susceptibilities, but did include comments similar to those used routinely in our laboratory. In the scenarios labelled 'B', the laboratory reported the full identification and susceptibility of any isolated organism and did not include comments. The scenarios were identical apart from V C The Author 2016. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved. For Permissions, please email: journals.permissions@oup.com. the way in which the laboratory results were reported ( Figure 1 ). Doctors were informed that the surveys were to be used for research and were not an assessment tool prior to starting and had the option to not participate. After reading each scenario, doctors were asked to select the best treatment option from multiple choices.
Briefly, scenario 1 describes a case of uncomplicated sore throat in a man in his 50s. Scenario 2 describes a case of asymptomatic bacteriuria in an elderly woman. Scenario 3 describes a case of chronic venous eczema and ulceration with bacterial colonization in a diabetic man. Scenario 4 was changed after the first 26 questionnaires because it was found to be nondiscriminatory, possibly because the scenario was too complex and in an intensive care setting, which is unfamiliar to most junior doctors. Therefore, it was replaced with a second scenario 4. Scenario 4(1) described colonization of an intubated patient with a multiresistant Acinetobacter and scenario 4(2) described a medically well intravenous drug user returning a blood culture growing Bacillus subtilis, which is only rarely considered a pathogen.
9 Scenarios 1, 2 and 3 remained the same for the entire study. The complete survey questions are available as Supplementary data at JAC Online.
After completing and returning the written survey anonymously, the answers to the questions and the aim of the study were discussed. No names or other identifiers were on the survey. Results were analysed for significance using the v 2 test.
Results
Seventy junior doctors from two teaching hospitals completed the survey. Forty-four were interns who have not yet entered specialty training and 26 were residents or registrars who were either general medicine or intensive care trainees. A further two junior doctors chose not to participate. For scenarios 1, 2 and 3, there was a significantly higher probability (P < 0.01) that doctors selected an answer involving antibiotic treatment if he or she received the 'B' version of the scenario where reports included antimicrobial susceptibilities, but not interpretive comments. This was significant in both interns and more A 62-year-old man presents to your clinic with bilateral erythema and swelling of the shins and an ulcer weeping clear fluid from the right shin. Your practice nurse swabbed the ulcer 3 days ago. This patient has a history of type 2 diabetes on oral hypoglycaemics with neuropathy and mild renal impairment. He also has right heart failure secondary to smoking-associated COPD. He has no allergies. He states the swelling and erythema of his legs has been present for many months, but is steadily worsening; the ulcer has only appeared in the last few weeks and is also slowly enlarging. His blood work including CRP and white cell count is normal.
Microbiology report in question 3A
Microbiology report in question 3B Gram stain: no polymorphs; 2+ epithelial cells; 1+ Gram-positive cocci; 1+ Gram-negative bacilli.
Culture: mixed skin flora including Pseudomonas spp.
Comment: Pseudomonas are frequent colonizers of skin ulcers, therefore antimicrobial therapy is not always indicated. Susceptibilities may be provided on request. Influence of susceptibility reporting on antimicrobial prescribing JAC senior doctors. However, neither version of scenario 4 was discriminatory. The results are summarized in Table 1 .
Discussion
Previous research has shown that altering the antibiotic that is reported or the report of susceptibilities can alter the choice of antibiotic used in urinary tract infections in real-world scenarios 3,4 or in case vignette questionnaires. 5 Results from studies assessing use of antibiotics for venous leg ulcer swabs 7 and urinary tract infections 10 suggest that susceptibility reporting encourages antimicrobial use, with significantly higher rates of use occurring when antimicrobial susceptibilities are reported. However, no prior studies to our knowledge have specifically assessed the effect of microbiology reporting on the decision to inappropriately initiate antibiotics in cases where antimicrobials are not indicated.
In this study, the junior doctors surveyed were significantly less likely to choose to prescribe antibiotics in scenarios where the antimicrobial susceptibilities were hidden and interpretive comments included. It may be that seeing antibiotics on a written report suggests to doctors that antibiotics are required, even if the clinical scenario itself did not seem to warrant antibiotic use. The interpretive comments may also influence doctors against prescribing when the microbiologist suggests the organisms grown are likely to be commensals or contaminants. This effect was seen in scenarios 1-3, which featured ambulatory patients with sore throat, asymptomatic bacteriuria and venous ulceration, respectively.
In contrast, the microbiology reporting style made no difference in the scenarios involving the tracheal aspirate from an intubated patient and the blood culture result. This was despite comments from the microbiologist in scenario 'A' encouraging the results to be interpreted as a contaminant or colonizer. This may be because these vignettes featured hospitalized patients with potentially life-threating conditions. In these scenarios, the clinical information took precedence and the microbiology report had no effect.
The main limitation of this study is that it used a survey method with hypothetical cases and therefore cannot tell us if real-world prescribing would be influenced in the same way.
It is also not clear how the methodology, which involved presenting alternating question types on the survey, influenced the results. It is possible this could overemphasize the differences in question responses. However, the advantage of using case vignettes is that the clinical scenarios could be controlled and only the microbiology reporting changed, thus isolating the effect that the microbiology reporting had on the decision to use antibiotics.
In real-world practice, many such patients would be started empirically on antibiotics prior to microbiology reports becoming available and many would not be influenced by pathology reporting. 8 Our survey did not address whether microbiology reporting would influence the decision to withdraw empirical antibiotics, although this could be addressed in future studies. The results of the survey suggest that withholding susceptibility reports in combination with interpretive comments may reduce the number of patients in whom antibiotics are initiated after the reports become available. This is supported by research in clinical settings that showed antimicrobials were more likely to be initiated in patients whose susceptibility results or full organism identification were released. 6, 7, 10, 11 It may therefore be appropriate for microbiologists to withhold susceptibility reports on selected specimens growing organisms that are likely to represent colonization rather than infection. Examples may include specimens from ulcer swabs, mixed or contaminated urine cultures from post-menopausal women, sputum or upper respiratory samples growing oral flora organisms or lacking inflammatory cells. The concern remains that withholding results could result in patients with serious infections not receiving antibiotics. However, as it usually takes several days for reports to be issued, it is standard practice for doctors to commence empirical antibiotic therapy before results are returned if they are concerned about bacterial infection. To further reduce concerns about inadequate treatment, it is important to continue to report when a resistant pathogen is grown that would not be covered by usual empirical therapy and to have a mechanism by which the clinician is able to contact the laboratory at any time to request susceptibilities. In all cases, comments from the microbiologist should accompany reports to help the reader interpret the significance of the particular organisms identified.
Our survey indicated that in inpatient scenarios, the reports had no effect on decision making. Therefore, when reporting results from sterile specimens from hospitalized patients it is important for the microbiologist, or other practitioner trained in antimicrobial use, to directly communicate with the treating doctor to discuss the significance of the findings and the appropriate choice of therapy. This is standard practice in our laboratory and in our experience usually results in commencement of appropriate therapy or the cessation of inappropriate antibiotics.
Pathology reporting has repeatedly been shown to influence antibiotic prescribing and should play a central role in antimicrobial stewardship efforts. Our study suggests that restricting the reporting of antimicrobial susceptibility results on selected specimen types in combination with interpretive comments from the microbiologist may reduce the inappropriate initiation of antibiotics following the issuing of a microbiology report. Further study is warranted to assess the real-world impact of such changes on doctor prescribing and patient outcomes.
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